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LINGULA (LINGULIDAE, BRACHIOPODA) FROM THE LATE ARTINSKIAN 
(PERMIAN), CARNARVON BASIN, WESTERN AUSTRALIA 


By N. W. ARCHBOLD 


Department of Geology University of Melbourne Parkville, Vic. 3052. 


ABsTRACT: Lingula occidentaustralis sp. nov. is described from the Early Permian Quin- 
nanie Shale of the Carnarvon Basin, Western Australia, Faunal and lithological evidence in- 
dicates that the Quinnanie Shale was deposited in a very shallow marine (probably tidal flat) 
environment. Environmental constraints and global palaeogeography of Permian lingulids in- 
dicate that they were at times more tolerant of cooler water than living members of the family. 
Lingulids appear to have become more specialised and restricted ecologically during the late 


Palaeozoic. 


INTRODUCTION 

Occurrence of the inarticulate brachiopod 
Lingula Bruguiere in the Permian succession of 
the Carnarvon Basin, Western Australia, was first 
mentioned by Teichert (1939, p. 6), but the species 
has never been figured or described. The com- 
prehensive review of the family Lingulidae 
(Rowell 1965) and the recent ecological and taxo- 
nomic analysis of Triassic to Recent members of 
the family (Emig et a/. 1978) provide an excellent 
framework for investigation of Palaeozoic 
lingulids. Taxonomy, ecology and global 
palaeogeography of Permian representatives of 
the family are reviewed below. 


WESTERN AUSTRALIAN MATERIAL 
STRATIGRAPHIC OCCURRENCE 

In the Permian succession of the Carnarvon 
Basin Lingula is, apparently, restricted to the 
Quinnanie Shale (Teichert 1950, p. 1791) of the 
Minilya Sub-Group; Byro Group (Condon 1967, 
p. 163). Stratigraphic sections of the Quinnanie 
Shale have been provided by Teichert (1951, p. 
117) and Condon (1954, pp. 75-78). The age of the 
Quinnanie Shale, from its stratigraphic position, 
is Late Baigendzinian (Late Artinskian, Early Per- 
mian). Correlations of the Carnarvon Basin Per- 
mian succession with other Australian Permian se- 
quences are given by Dickins (1976). The substage 
name Baigendzinian is used in the sense of 
Waterhouse (1978) and Furnish (1973) to 
designate faunas of Late Artinskian and pre 
Kungurian (or pre Roadian=early Kungurian) 
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age. This usage, discussed fully by Waterhouse 
(1978), differs from earlier Soviet usage based on 
ammonoid studies which included the Kungurian 
within the Baigendzinian. 


EcoLoGy 

Specimens of Lingula from the Quinnanie 
Shale, examined by the author, are preserved in 
rock samples ranging in lithology from siltstone to 
silty fine sandstone. Many specimens are isolated 
valves, indicating a degree of post-mortem 
transport, nevertheless, rare conjoined shells do 
occur in the collections. The associated fauna is 
moderately diverse; with eleven genera of molluscs 
(Dickins 1963) and other brachiopods, including 
such genera as Neochonetes, Cancrinella, 
Spirelytha and Fusispirifer. 

Condon (1954, p. 78) considered the Quinnanie 
Shale to be a “typical” euxinic facies (pyritic black 
shale) deposited in a barred basin with restricted 
circulation, sentiments supported, in part, by 
Thomas (1958, p. 28). 

The lithology of the Quinnanie Shale is typical 
of the sediment occupied by living lingulids 
(Chuang 1961, Paine 1970, Emig ef al. 1978). 
Earlier investigators (e.g. Craig 1952) stressed a 
muddy environment whereas Emig ef a/. (1978) 
demonstrated that living lingulids show a clear 
preference for very fine sand. Chuang (1961) con- 
sidered that the presence of organic matter in the 
sediment was to the advantage of lingulids, 
presumably to provide nutrients. 

Since lingulids of the Quinnanie Shale occur as 
isolated valves, resulting faunal associations may 
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be a mixture of adjacent communities and it may 
be difficult to interpret the significance of such 


fossil assemblages (Craig 1952, p. 119). However,. 


the few intact shells are important since Ferguson 
(1963, p. 672) stated “the possibility of intact 
shells of this inarticulate brachiopod being 
transported any appreciable distance is remote". 
Furthermore Bretsky (1969, p. 52) considered that 
the Linguloid-Molluscan assemblage, found in the 
nearest shore environment, was a stable associa- 
tion from Late Ordovician to Late Permian. His 
Observations appear valid for the Quinnanie Shale 
and presumably transport has not been significant. 
The Quinnanie Shale contains 'a species of 
Fusispirifer, the population of which includes a 
high percentage (60% + ) of juvenile individuals as 
determined from a study of the growth lines. 
Above and below the Quinnanie Shale the Wan- 
dagee and Cundlego Formations represent well 
aerated sedimentary environments and each con- 
tains a diverse, articulate brachiopod dominated 
fauna. Populations of Fusispirifer in each unit 
consist of 25 and 30% juvenile individuals. The 
larger proportion of juvenile individuals of 
Fusispirifer in the Quinnanie Shale appears abnor- 
mally high, suggesting a high mortality of 
juveniles due to unfavourable conditions (cf. 
discussions by Cloud 1948). A tidal flat environ- 
ment, subjected to salinity variation such as would 
be caused by the periodic influx of fresh water 
which would kill off portion of the community, 
would be consistent with the high percentage of 
juvenile specimens of the Fusispirifer population 
and the ecology of most modern lingulids. This 
phenomenon has been well known for modern 
lingulid communities since Yatsu (1902, p. 66) 
quoted the observations of Hatta at Matsubate In- 
let, Japan. The tolerance of Lingula to periods of 
lower salinity and confinement is well known, 
(Lum & Hammen 1962, Hammen ef al. 1962) 
although little is known of such tolerance ranges 
(Ferguson 1963, p. 671). 


TAXONOMY 

Lingulids have maintained a remarkable unifor- 
mity and simplicity in shell form through time 
(Emig ef al. 1978). The need for caution when 
delineating modern and fossil species on features 
such as shell outline and ontogenetic stages has 
been demonstrated by many authors (Kirkby 
1860, Kawaguti 1942, Chuang 1961, 1962, Ham- 
mond & Kenchington 1978, Deleers & Pastiels 
1952). Internal septa and muscle scars (both 
reflecting muscle attachment) are important in the 
classification of the group (Rowell 1965, Pajaud 


1977, Emig 1977, 1979). The importance of 
muscle scars at the generic level is illustrated by 
Apsilingula Williams (1977). 


SYSTEMATIC PALAEONTOLOGY 


Order LINGULIDA Waagen 1885 
Superfamily — LiNGULACEA Menke 1828 
Family LLINGULIDAE Menke 1828 


DiAGNosis: The diagnosis by Rowell (1965, p. H262) is 
accepted with the minor emendation of Williams (1977, 
p. 403) that the pseudointerarea is not always developed. 


Discussion: The Lingulidae has not been subdivided 
into subfamilies, but recent investigations (Emig ef al. 
1978, Pajaud 1977) indicate that the presence or absence 
of internal septa is a criterion for distinguishing relation- 


EXPLANATION OF PLATE 14 


All figures 3.5. All specimens whitened with 
ammonium chloride. All specimens, other than the 
Holotype, are Paratypes. 


All specimens from the Quinnanie Shale, 
Carnarvon Basin, Western Australia. 


Figures 1-15, Lingula occidentaustralis sp. nov. 
Fig. 1— Ventral valve, MUGD 5180 
Fig. 2— Ventral valve, UWA 88098 
Fig. 3—Dorsal valve, MUGD 5183 
Fig. 4— Dorsal valve, MUGD 5179 


Fig. 5—a, b, c. Ventral, profile and dorsal views of 
Holotype, MUGD 5181 


Fig. 6—Dorsal valve, MUGD 5190 
Fig. 7— Ventral valve?, MUGD 5182 
Fig. 8— Dorsal valve, MUGD 5178 
Fig. 9— Dorsal valve, MUGD 5177 
Fig. 10—Dorsal valve, MUGD 5187 
Fig. 11—Dorsal valve, MUGD 5185 
Fig. 12— Dorsal valve, UWA 88099 
Fig. 13— Dorsal valve, MUGD 5188 
Fig. 14—Dorsal valve, MUGD 5184 


Fig. 15— Dorsal valve?, MUGD 5189 
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ships within the family. Since the occurrence of the 
genus Glottidia Dall in deposits of Tertiary age was 
reviewed by Chuang (1964), Glottidia — like genera have 
been shown to date back to the Early Triassic (Busnardo 
1969 and Broglio-Loriga 1968 as discussed by Emig et al. 
1978) and Late Permian (Rowell 1970, Newell & Kum- 
mel 1942). Several Carboniferous lingulids possess two 
septa in the ventral valve and one in the dorsal valve 
Graham (1970). New genera of septate lingulids are in- 
dicated by variations in the type and arrangement of 
septa, for example a new Permian genus, with four septa 
in one valve, is indicated by Lingula permiana of 
Stauffer & Schroyer (1920). Illustrations of Lingula 
credneri, from the Lower Zechstein of the Fore Sudetic 
Monocline, Poland, given by Klapcinski (1971, p. 101, 
pl. 5, figs 3-6) indicate that some representatives of the 
Lingula credneri group possess internal, thin septa. It is 
considered that the septa bearing lingulids can be use- 
fully separated into the Glottidiinae subfam. nov. 
diagnosed as: Lingulidae possessing septa in one or both 
valves. The subfamily Lingulinae Menke is restricted to 
those lingulids with weakly to very strongly impressed 
muscle scars and lacking internal septa. 


Subfamily LiNGULINAE Menke 1828 
Genus LiNGULA Bruguiere 1797 


Type Species: Lingula anatina Lamarck; I.C.Z.N. 
pending. 
Diagnosis: As given by Rowell (1965). 


Discussion: Rowell (1964, pp. 222-224) has discussed 
fully the need for the I.C.Z.N. to rule to preserve the 
stability of the generic name. 


Lingula occidentaustralis sp. nov. 
Pl. 14, figs 1-15 


MATERIAL: A collection of 12 measured specimens and 
many fragments from locality W.L. 7-“Lingula Stage, 
Wandagee Series, Third Lingula Horizon Coolkilya 
Flat, 44 chains south of Garden Road, 231 Links past 
Station VIII”. Collector C. Teichert. Specimens housed 
in Geology Department, University of Melbourne 
(M.U.G.D.). A collection of 11 specimens from locality 
WLI3 (U.W.A. Collection Number 27076), Locality 
unknown, “Lingula Zone" collected by C. Teichert 
1940. Specimens housed in Department of Geology, 
University of Western Australia (U.W.A.). 

Diagnosis: Elongate species with lateral margins of shell 
almost straight and parallel in mature individuals. 
Muscle scars weakly impressed. 

DzscniPTION: Almost equivalve, biconvex shell. Con- 
vexity low; greatest posterior of midlength. Ventral 
valve slightly extended at umbo, slight development of 
ventral groove for passage of pedicle. Length almost 
twice width. Valves similar externally with fine sub- 
concentric growth lines. Interior of valves similar with 
extremely weakly impressed muscle scars. Dorsal valve 
interior with broad, linear, medianly placed, gently 
raised ridge. Ventral valve with similar platform, though 


TABLE 1 
MEASUREMENTS OF Lingula occidentaustralis. sp. nov. 


Maximum 

Specimen No. Length Width Height Valve 
MUGD 5178 14.8 8.9 157, Dorsal 
MUGD 5179 13.5 7.7 1.3 Dorsal 
MUGD 5180 12.5e 6.6 1.2 Ventral 
MUGD 5181*  11.5e 6.5 2.8 Complete 

(Thick- Shell 

ness) 
MUGD 5182 — 7.8 1.7 Ventral? 
MUGD 5183 14.2 7 1.3 Dorsal? 
MUGD 5184 — WS — Dorsal 
MUGD 5185 14.2 LAS 1.4 Dorsal 
MUGD 5186 — 72 1.3 Dorsal 
MUGD 5187 11.1 6.5 — Dorsal 
MUGD 5188 13.8 8.2 — Dorsal 
MUGD 5189 13.1 7.3 1.6 Dorsal 
UWA 88098 13.6 757 1.4 Ventral 
UWA 88099 12.4 7.2 1.2 Dorsal 


e - estimate * — holotype 

narrower. Lateral margins of shell almost straight and 
parallel in larger specimens. 

MEASUREMENTS: Measurements (in mm) are given in 
Table 1. Estimates of the shell length are made from a 
study of ontogeny of the species when the anterior 
margin of the shell is damaged. 

Discussion: Lingula occidentaustralis is similar to 
several other Permian lingulids, characterised by low, 
rounded umbones, straight, parallel sides to the shell in 
old age, and a low, broad median dorsal ridge. Lingula 
arctica Miloradovich (1936) from the early Permian 
(probably early Kungurian) of Novaya Zemlya (non L. 
arctica Wittcnburg 1910, from the Lower Triassic of 
Spitzbergen) is similar, differing in being slightly more 
quadrate in outline and in possessing muscle scars that 
are more clearly impressed than those of the Western 
Australian species. Miloradovich's species was renamed 
Lingula? miloradovichi by \fanova (1972). Her ad- 
ditional material from the Kungurian Vorkut Suite of 
the Pai-Khoy, while being close in outline to the 
Western Australian species possesses very strongly im- 
pressed muscle scars, recalling the genus Apsilingula 
Williams, 1977, although a muscle arrangement different 
to that of Apsilingula is indicated by 1fanova's figures 
(1fanova, 1972, pl. 1, figs 1-7). Lingula cf arctica: 
Harker & Thorsteinsson (1960, p. 49, pl. 15, fig. 12) is 
also close to the Western Australian species, with respect 
to shell outline, as is L. freboldi Gobbett (1964, p. 44, 
pl. 1, figs 1-2) from the Kungurian to Early Kazanian 
Upper Brachiopod Chert of Spitzbergen. Closer com- 
parison of the Western Australian species with the 
Canadian and Spitzbergen species is regrettably impos- 
sible as these boreal occurrences are only documented by 
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one or two figures and internal muscle scars are poorly 
known. Comparison with L. arctica Miloradovich from 
the lower part of the Tumarin Suite, of possible early 
Kungurian age, from the Western and Northern Ver- 
choyansk (Andrianov, 1966, p. 80) is impossible as the 
specimens are not figured. Lingula tainmyrensis Einor 
(1946, p. 14, pl. 3, figs. 1-3; in the form L. credneri var. 
taimyrensis) from the Early Permian (Kungurian?) of 
the Taimyr Peninsula, is also similar to L. occiden- 
taustralis in its subparallel lateral margins, low umbones 
and internal dorsal ridge, but again the boreal species is 
poorly known. Lingula has been widely recorded from 
the boreal region with all reports indicating species 1hat 
are morphologically similar if not identical. The boreal 
species are also of similar early Kungurian age. The pre- 
sent record of a species of Lingula from the late 
Baigendzinian of Western Australia, that is mor- 
phologically similar to the boreal species, provides yet 
another example of the disjunct geographical distribu- 
tion of Permian brachiopods that has been discussed by 
many authors (e.g. Ustritsky 1974). 

The group of boreal lingulids outlined above is readily 
distinguished from most Carboniferous lingulids, which 
possess a more elliptical outline (Graham 1970, 
Kalashnikov 1970, Vangerow 1959) and the L. credneri 
group of Permian lingulids, which are much smaller in 
size and elliptical in outline (Alexandrowicz & Slupczyn- 
ski 1970). 

Asian and central north American lingulids attributed 
to Lingula, as summarised in Table 2, also appear ellip- 
tical in outline. 


PALAEOGEOGRAPHY AND 
PALAEOECOLOGY OF PERMIAN 
LINGULIDAE 
TAXONOMIC PROBLEMS 

Generic placement of a lingulid species requires 
an accurate knowledge of internal structures, so 
generic assignment of many of the species in Table 
2 is uncertain. I have restricted the review of Per- 
mian lingulids to reports accompanied by illustra- 
tions except for the Asian region where records of 
Permian lingulids are even more poorly 
documented than accounts for other regions. 1t is 
arguable that one or two occurrences listed in 
Table 2 are Late Carboniferous — as indicated. 


PALAEOECOLOGY 


Ecological distribution of modern lingulids is 
well documented (Emig ef a/. 1978). They are 
adapted to shallow marine waters, subject to 
salinity fluctuations (Plaziat et al. 1978). They 
show a preference for a fine sandy substrate and 
are restricted by the 8?-10?C isotherms. Emig ef 
al. (1978) considered these restrictive parameters 
constant from the Triassic to the Recent. 

The lithology containing Permian forms has 
seldom been recorded in detail. However, where 


available, most information indicates a fine sandy 
lithology (Rowell 1970, Alexandrowicz & Slupc- 
zynski 1970, Alexandrowicz & Jarosz 1971). 
Trechmann (1925, p. 538) recorded specimens of 
L. credneri from a thin bed of yellow dolomitic 
marl with sand and small rounded pebbles. 
Yochelson (1968) and Branson (1930) recorded 
specimens from shales of the Phosphoria Forma- 
tion of Wyoming. Dickins & Shah (1977, p. 10) 
recorded lingulids and plant remains from fer- 
ruginous sandstones of Badhaura, India. 

Several Permian lingulids lived in marine waters 
subjeci to fluctuations in salinity. “Lingula” per- 
miana Stauffer & Schroyer (1920) from the 
Dunkard Series, Ohio occurs with a marginal 
marine assemblage. Miloradovich (1936, p. 78) 
writing of the Permian succession of the south 
island of Novaya Zemlya noted that “the 
petrographic character of rocks as well as 
numerous findings of Lingula . . . and plant re- 
mains permit to suppose . . . lateral marine 
deposits". Other records of Permian lingulids 
demonstrate more normal marine waters by an 
association of a diverse, articulate brachiopod 
dominated assemblage (Harker & Thorsteinsson 
1960, pp. 10-12). 


PALAEOGEOGRAPHY AND  PALAEOTEMPERATURE 
TOLERANCE 


The provincialism observed in modern lingulids 
(Fig. 1) can be readily explained by taking into ac- 
count the restriction to mobility imposed by the 
8°-10°C isotherms. Lower temperatures appear to 
impose restrictions on the duration of the breeding 
season of modern lingulids (Chuang 1959). A 
striking departure from the latitudinal limitations 
of modern forms is evident in the figures of Per- 
mian lingulid distribution (Figs 2 & 3). Similar 
variations were noticed for Mesozoic and Tertiary 
members of the Lingulidae by Emig et al. (1978) 
who explained such changes as the result of 
periods of more equitable warm climates of global 
extent. Lingulids were widespread during the Per- 
mian (Figs 2 & 3) and several of the occurrences 
are in areas where the waters were cool as in- 
dicated by the rock record. While global fluctua- 
tions of temperature during the Permian are well 
known (see for example discussions in Frakes 
1979, Waterhouse 1978, Waterhouse & Bonham- 
Carter 1975) and the alternation of cool and warm 
water faunas may occur within a single strati- 
graphic column, the inference is made that the 
various occurrences discussed below do indicate a 
tolerance by Permian lingulids of cooler water 
than is demonstrated by the group today. Never- 
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TABLE 2 
PERMIAN LINGULIDAE OF THE WORLD 
SPECIES AUTHOR. LOCALITY STRATI GRAPHIC AGE GENERIC ADDI TIONAL 
NAME HORI ZON POSITION REFERENCES and NOTES 
L. imbituvensis Oliveira,1930 Santa Serie Itarare Early Permian, Type species Additional figures given 
d (p.18; fig. top Catharina, Early of Langella by Lange, (1952, p.83; 
left of plate) Brazil Sakmarian Mendes 1951 pl. 4, figs. 1-8) 
L. budoensis Martins, 1948 Rio Grande Serie Marica Early Langella Synonymised with L. 
L3 (p.237; figs. do Sul, Sakmarian imbituvensis by Lange(1952) 
1-2) Brazil and Mendes (1961) 
L. exporrecta Girty, 1910 Thomas Fork Phosphate Beds of Artinskian- Lingula 
(p.22: ^ p1.], Wyoming Park City Kungurian 
fig.1) UP Saldo. Format ion 
i. carbonaria Girty, 1910 " ue a Lingula Lingula carbonaria Shumard 
{non Shumard EAN p.215 is a Pennsyl- 
1858?; pp.20- vanian species 
PIS 
figs.2-5) 
L. sp, cf.carbonaria Yancey, 1978 Butte Mts Loray Formation Kungurian Lingula 
= (p.280, pl.!, Nevada, 
fig.) U.S.A. 
Lingula sp. Cooper, 1957 Oregan Coyote Butte Kungurian Lingula 
(p1.1A, U.S.A. Formatlon 
figs. 1-3) 
L. permiana Stauffer and Ohio Dunkard Series (in Early New genus of The presence of four septa 
p"! Schroyer 1920 U.S.A. black Shales of Permian subfamily in one valve indicates a 
(p.143; p1.9, Washington Coal) Glottidiinae new genus related to 
figs.1-5) Glottidia 
L. borealis Newell and Wyoming Idaho Dinwoody Formation Latest Permian Glottidia Relationship to L.borealis 
Kummel] 1942 Montana Bittner 1899 requires 
(p.953; pl.2, U.S.A. examination 
figs.1-5) 
L. cf. arctica Harker and Grinnell Pen. Assistance Formation Kungurian Lingula H. and T. compared their 
Thorsteinsson Devon Island specimens with L. arctica 
1960 (p.49, Arctic Canada Miloradovich 1936, not L. 
pl.15, fig.12) arctica Wittenburg 1910 
(p.37, p1.1, fig.7) 
L. ovata Oana, 1847 Black Head, Sandstones of Kazanian Lingula? Dana 1849, (text p.655-656, 
{p.152) Sydney Basin Gerringong Atlas pl.2, fig.6) 
Australia Volcanics 
il mytiloides . Etheridge Spring Creek Yarrol Sakmartan 7? Lingula Occurs with small Permian 
Thon T5 ti loide 1892 (p.261, Cania, Bowen Formation ? LO assemblage (Reid, 1930, p.60). 
Sowerby 113) pl.13, fig.19) Basin. ; Not mentioned by Dear (1968) 
Aus tralia Stratigraphic position unclear. 
L. occidentaustralis Herein Carnarvon Quinnanie Late Lingula 
Basin. Shale Artinskian, E 
Western Baigendzhinian 
Australia 
L. scrutata Reed, 1931 Salt Range Amb Formation Artinskian Lingula? Rowell (1970, p.111 
(p.39; pl.6, Pakistan discusses stratigraphic 
figs.6-7) position 
L. cf. borealis Rowell, 1970 Salt Range Kathwai Member Latest Permian Glottidia? The presence of internal 
(p.113; pl.1) Pakistan septa indicates a member 
of the Glottidiinae 
L. aff. atra Schellwien,1911 Sin-ho-yi ? Gzhelian or Lingule L. atra Herrick (1888, 
(p.141; pl.!, China Assellan — € p.15, pl.10, fig.30) 1s an 
fig.) Early Carboniferous species 
Lingula sp. Wang, 1977 Weishan Lake Shangshihezi Permian Lingula 
(p. 399, figs. Jiangso Formation m- ÁN 
1-2) Province 
China 
t credneri Grabau, 1924 Ta-Lai-Pai .Shansi Series Late Permian, T Not figured, L. credneri 
(p.497) Hung, Shui - Kazanian Geinltz is discussed below 
Hsien 
China 
Lingula sp. Patte, 1935 Lon feng ya 1 Latest Permian Lingula 
(p.15-15, Kuei chow, or — 
pl.l, fig.3) China Triassic 
Lingula sp. Masslenikov Sikhote Alin  Sandstone,Limestone Early Permian = 


1950 (p.102) 


Suite 


Not figured 
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TABLE 2—(continued) 


SPECIES AUTHOR LOCALITY STRATIGRAPHIC AGE GENERIC A001 T1 ONAL 
HORIZON POSITION REFERENCES and NOTES 
L.kolymeensis Zavodovsky,1968 Kolyma Basin — Burgaliisk Asselian Lingula Also figured by Zavodovsky 
(p. 70,p1.30, N.E. Siberia Suite and Stepanov (1971,p.70; 
fig.3) pl.l. figs.2-3). May be 
middle to late Carbonifer- 
ous (Ustrltsky and 
Muromtseva 1973, p.117) 
L. tai myrensis Einor, 1956 Taimyr Lower Permian Early Permian Lingula 
nd (p.14; pl.3, Peninsula 
figs.l-3) 
L.mi loradovi chl 1fanova,1972 Pai-Khoy 
ps (p.77; pl.! Pechora Basin Vorkut Suite Kungurian Lingula Ustritsky 1960 (p.95; 
figs.1-7) a pl.l, figs.l-2) 
= L.arctlca Ustritsky, 1960 gi n : 
7 L.arctica Mi loradovi ch, Mezhdusharsky Lower Permian Early Permian Lingula Miloradovich 1936 
(non L.arctlca 19 36 Istand Novaya (p.37, pl.2, fig.4; pl.3, 
Mi ttenburg, 1910) Zemlya figs.1+3) 
L.praeorientalis 1 fanova, 1972 Pai Khoy Gusinaya Suite Early Lingula 
pr (p.79, pl.l; Artinskian 
figs.8-9) 
L. hyberborea 1 fanova, 1972 Pai Khoy Vorkut Suite Kunguri an Allied to Ifanova (p.l; fig.15) 
= L.crednerl (p.80, pl. T; Glottidia? indicates the presence of 
Ustritsky 1960 figs. 10-16) septa. Ustritsky 1960 
(p.96; pl.1, figs.3-6) . 
Ll. vorkutana I fanova, 1972 Pai Khoy Vorkut Suite Kunguri an Lingula 
(p.81; pl.1, — ti 
figs.17-19) 
L. rotundata Pogorevi tch Pai Khoy Vorkut Suite Kungurian 1 May not be a lingulid 
a and | fanova; 
lfanova 1972 
(p.82; pl.1, 
fig. 20) 
L. squami formis Ustritsky and Taimyr Makarovsk Late Permian Lingula L.squamiformis Phillips 
(non.L.squami formi Chernyak 1963 Peninsula Hori zon T1836, p.221; pl.11; 
Phillips, 1836) (p.67; pl.1, fia. 14) 
fig.1) is Early Carboniferous 
in age 
Lingula orientalis Golovkinsky, 1868 Schiya Kazanian Kazanian Lingula 
(p.360; n1.2; River 
figs.11-12) 
Lingula lawrskyi Necaev, 1894 Kazan River Kazanian Kazanian Lingula 
(p.139;n1.6; » 
figs.11-12) 
Lingula sp. Grushenko, 1975 Donetz Basin Nikitov and Asselian Lingula 
(p1.25; Kali tvenskaya 
figs.2-3) suites 
Lingula freboldi Gobbe tt, 1964 Spi tzberaen Upper Brachiopod Kazanian Lingula 
(p, hh, pl. 1; Chert —Ó—MM 
figs. 1-2) 
Lingula credneri Geinitz, 1RAR Germany. Zechs tein a Lingula Geinitz,1861 (p.106;pl.8, 
(p.11;pl.^; (Kupferschiefer) fia.1q3pl.15, figs. 12-13) 
Figs .23-24) 
M Kina,1850(p.A3; England Marl-Slate 
pl.6,figs.25-27) E n Lingula 
Davidson, 1858 0 Lower Magnesian 
(o0.51,pl.^, Limestone 
figs. 30-31) 
D Alexandrowicz West Lower Kungurian Linaula 
and Sluoizynski Poland Zechstein 
1970, (p. 700; 
pls.l and 2) 
Ui Alexandrowicz M Sandstones 
and Jarosz 1971 
(fias.1-6) 1 
" Necaev, 1894 Viatka River Kazanian Kazanian Lingula 
(p.138;p1.5; 


fig.20) 
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Fic. 1— The distribution of modern lingulids. è = Lingula; A = Glottidia. Based on Zezina 
1970, p. 155 and Emig et al. 1978, fig. 9. 


theless in order to confirm this broader 
temperature tolerance detailed descriptions of the 
immediately associated stratigraphic sequence and 
lithology is required. Such information is in- 
variably lacking. The South American occurrences 
are found in a stratigraphic interval at least in part 
of glacigene origin—the Itarare Series, Santa 
Catarina, Brazil, (Ruedemann 1929). Lingula? 
ovata Dana (1847-1849) from the Sydney Basin, 
Eastern Australia occurs in the sandstones of the 


Gerringong Volcanics and came from Black Head 
where the lithology is a sandstone with numerous 
glacigenic dropstones. Boreal occurrences also in- 
dicate cool to cold water. Miloradovich (1936, p. 
78) indicated a glacigene component in the early 
Permian sequence of Novaya Zemlya. Other 
Boreal occurrences (e.g. Ifanova 1972, Einor 
1946, Zavodovsky 1968) are with faunas of low 
diversity indicating cool to cold water (Water- 
house & Bonham-Carter 1975). 


Fic. 2— The distribution of Permian lingulids on the modern globe. 
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Fic. 3— The distribution of Permian lingulids on a Permian reconstruction of the continents. 


PROJECTION OF MAPS 


Figures 1, 2 and 3 utilize the Lambert Equal- 
Area projections of Briden et a/. (1974). Although 
a complete review of all reconstructions is beyond 
the scope of the present review, it should be noted 
that the Permian reconstruction of Briden et al. is 
only one of many available. Many palaeon- 
tologists have criticised this particular model as in- 
consistent when compared with the distributions 
of their faunas and floras (e.g. Hart 1974, using 
palynofloras; Waterhouse & Bonham-Carter 1975, 
using brachiopods; Ross 1979, using fusulinids 
and Ziegler et al. 1977, summarizing several 
groups). Palaeomagnetic data appear equivocal, 
with Japanese data indicating a Permian position 
at 13°N. (Minato & Fujiwara 1965) and/or an 
equatorial position (Hattori & Hirooka 1979) 
while Malaysian data indicate a Permian position 
at 15°N (McElhinny et al. 1974), unless the Asian 
plate (or plates) has rotated, as suggested by Hart 
(1974, p. 156). Other investigations, documenting 
stratigraphic or structural relationships, have in- 
dicated the close proximity of South East Asia to 
Gondwana (e.g. Ridd 1971, Acharyya 1979, 
Zonenshayn & Gorodnitsky 1977), unlike the 
Briden et al. model. 

The Briden ef al. (1974) and the Scotese et 
al.(1979) models are consistent with the recent 
review of the tectonics of China (Huang 1978), 
from a plate tectonics viewpoint. 


CONCLUSIONS 
The distribution of Permian lingulids indicates 


an adaption to variable water chemistry and fine 
sandy sediment, similar to living forms, A wider 
tolerance of temperature variations, than that 
shown by modern species, is also indicated, with 
species inhabiting both warm (Asia) and cool 
(Eastern Australia, South America, Northern 
U.S.S.R. and Northern North America) water 
realms. Earlier in the Palaeozoic lingulids appear, 
at times, to have been further removed from their 
modern constraints, certainly occurring frequently 
in deeper water (Cherns 1979), or in a wide variety 
of sediment types such as muds, silts, ironstones, 
limestones and coarse sands (Graham 1970, p. 
170). The above discussion indicates warnings 
against the assumption that a long-lived genus (or 
family) may occupy the ecological niche now that 
it has always occupied and that it may be still 
limited by the same set of ecological constraints. 
The family Lingulidae appears to have become 
more restricted (specialized?) through time; for 
example in relation to temperature since the Per- 
mian, and lithology since the Carboniferous. 
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